Recent evidence suggests that less frequent repositioning of long-term care residents at moderate to high risk of developing pressure ulcers (PrUs) is noninferior to current repositioning standards in preventing PrUs, but the long-term health and economic consequences of less frequent repositioning have not been adequately estimated. Our objective was to estimate the cost-effectiveness of different repositioning strategies (2-, 3-, 4-hour intervals). We conducted a cost-utility analysis using a lifetime horizon based on data from a randomized clinical trial and the literature. We updated a published PrU decision model with resource usage, unit costs, and epidemiological estimates from the literature and from a small observational study. The Ontario Ministry of Health and Long-Term Care perspective was taken. We estimated lifetime costs to be CAN$5,425 (95% credible interval (CrI)5$922-12,166) less per resident with 3-hour repositioning than with 2-hour repositioning and CAN$3,296 (95% CrI5$483-9,738) less than with 4-hour repositioning. The gain in expected quality-adjusted life years from a 3-to a 2-hour repositioning strategy was 0.008, (95% CrI50.005-0.016) and from a 3-to a 4-hour repositioning strategy was 0.009 (95% CrI50.007-0.018). Repositioning at 3-hour intervals was the dominant strategy with respect to the incremental cost-effectiveness ratio against the 2-and 4-hour strategies. Sensitivity analysis showed a 99% probability that 3-hour repositioning was a dominant strategy. We concluded that repositioning at 3-hour intervals for residents at moderate or high risk of PrUs and who were cared for on high-density foam mattresses appeared to be the most cost-effective strategy.
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Key words: economic evaluation; pressure ulcers; reposition frequency N ursing home residents with impaired mobility are at high risk of developing pressure ulcers (PrUs), which prolonged pressure at the interface between bony prominences and support surfaces cause. In the United States and Canada, the prevalence of PrUs is 11% to 15% in nursing home residents. 1, 2 PrUs can be painful and affect quality of life (QoL) 3, 4 and are also costly, 5 but they can be prevented in most cases through a number of PrU prevention strategies. Such strategies include educational and nutritional interventions and active skin management, such as frequent skin checks, use of pressure-redistributing support surfaces (e.g. high-density foam mattresses), and frequent repositioning.
According to U.S. practice guidelines, nursing home residents should be repositioned as frequently as their condition requires. 6 Practice guidelines in Canada and the United States recommend that individuals at high risk of PrUs be repositioned every 2 hours. Nursing homes in Ontario are required to comply with that recommendation to achieve accreditation standards. These recommendations are based on limited scientific evidence. 7 In addition, recent applications of new technologies in long-term care, such as high density foam mattresses, allow for less frequent repositioning without exposing residents to greater risk of developing PrUs. 8 The cost of PrU prevention can be substantial, because some elements of prevention consume a large amount of human resources. A policy of frequent turning requires that nurses or personal support workers (PSWs) devote a large part of each working day to this task. A limited number of recent clinical and economic studies have examined the effectiveness and cost-effectiveness of different repositioning strategies that are less resource intensive. A Cochrane systematic review examined 3 clinical randomized controlled trials and one economic study that assessed the effect of repositioning on health. 9 The systematic review observed a large variation associated with the effectiveness of repositioning strategies because studies were generally underpowered. An economic evaluation found that a 3-hour repositioning strategy using a 308 tilt was more effect and cost less than a 6-hour strategy using the 908 lateral rotation. 10 Recent evidence from the Turning for Ulcer Reduction randomized controlled trial suggested that there were no significant differences between 2-, 3-, and 4-hour repositioning strategies with respect to PrU incidence. 8 A study that estimated the cost implications of the repositioning strategies from the TURN study concluded that 4-hour repositioning was the least costly strategy, 11 but the long-term implications of a change in PrU incidence were not taken into consideration. 11 As noted in the health economic literature, even in the presence of noninferiority, the estimates of effectiveness from the noninferiority trial need to be considered in economic evaluations. 12 Considering the above, we conducted a cost-utility analysis to estimate the lifetime health and economic implications associated with repositioning nursing home residents at medium or high risk of PrUs at 2-, 3-, or 4-hour intervals.
METHODS

Model Structure
This economic evaluation relied on an adaptation of a previously published and validated decision analytic microsimulation model. 13 The structure and the calibration of the model are presented in Supplementary Appendixes S1 and S2, respectively. In this model, individuals at risk of PrUs can transition progressively at each weekly cycle through PrU Stages 1, 2, 3, and 4 and can recover from a PrU of any stage. Individuals in Stages 2 and 3 are at risk of local infections, and those in Stages 3 and 4 are at risk of systemic infection. The maximum length of stay in any of the infection states is 1 and 2 weeks, respectively. We assumed that individuals with systemic infections received treatment in a hospital setting and were at greater risk of mortality because of the infection. The decision analytic model was built using TreeAge Pro 2013 (TreeAge Software, Williamstown, MA).
Strategies
We compared the incremental costs and effectiveness, measured in quality-adjusted life years (QALYs) gained, of 3 repositioning strategies: every 2, 3, or 4 hours.
Cohort
The model followed hypothetical residents similar to those in the TURN study over a lifetime horizon. The nursing home residents in the hypothetical cohort were at moderate or high risk of PrUs according to the Braden Scale and were cared for on high-density foam mattresses combined with guideline-based care and regular skin observations. 14 
Economic Assumptions
We conducted the analysis from a public payer perspective. In Ontario, that is the perspective of the Ontario Ministry of Health and Long-term Care. We included only direct healthcare costs that the payer bore. All costs were inflated to 2014 Canadian dollars using the Canadian Consumer Price Index for health and personal care. A discount rate of 5% was applied to costs and effects, in accordance with guidelines for economic evaluation in Canada. 15 
Model Inputs
Prevalence of PrUs, Hospitalization Risk, and QoL Weights
The model relied on resident-level Resident Assessment Instrument-Minimum Data Set version 2.0 (RAI-MDS) data, published literature, and expert opinion. Probabilities related to the prevalence of PrU risk factors in highrisk residents and risk of hospitalization or death were derived from a population-based cohort (RAI-MDS) and from linked administrative data from the Discharge Abstract Database of the Canadian Institute for Health Information. QoL weights were estimated by mapping MDS resident-level data from a population-based cohort to Health Utility Index scores using a validated algorithm. 13, 16 Table 1 presents the parameter values, the uncertainty around them, and the distribution assumptions made.
Effectiveness
Effectiveness estimates originated from the TURN study. Briefly, the study followed U.S. and Canadian nursing facility residents cared for on high-density foam mattresses who were randomly allocated to 1 of 3 repositioning schedules: 2-, 3-, or 4-hour intervals. 8 No significant between-group difference was observed in Stage 2 PrU incidence after 3 weeks of follow-up (2 hour: 2.49%, 3 hour: 0.61%, 4 hour: 3.05%, p5.07). No Stage 3 or 4 PrUs were observed during the TURN study.
The published decision model used resident-level data from the RAI-MDS to estimate the probability of Stage 1 to 4 PrUs. We used the stage-specific (cumulative) incidence observed in the TURN study to calibrate these stage-specific probabilities of developing PrUs from the decision model. A full description of the calibration analysis can be found in Supplementary Appendix 2.
Resource use for repositioning
Findings on the average duration of repositioning from a small observational study conducted alongside the TURN study were used to estimate the average time each PSW spent during 1 repositioning (personal communication, Nikhil Padhye, TURN study team 11 ). Based on expert opinion (TURN study team), it was also assumed that 80% of the residents would require 1 PSW for repositioning and that 20% would require 2. It was further assumed that PSWs would perform all repositioning. Finally, it was assumed based on expert opinion that, after a PrU was observed, the resident would be repositioned at 2-hour intervals (personal communication, L. Teague, St Michael's Hospital, Toronto).
Costs
The minimum and maximum hourly cost of employing a PSW in Ontario (as of April 2012, inclusive of salary and benefits) was extracted from reports of the Ontario-based nursing facilities that participated in the TURN study. The average hourly cost at each nursing facility was assumed to be the midpoint of the minimum and maximum hourly costs. A weighted average of the hourly cost was calculated for all 7 nursing facilities. This estimate is commensurate with the findings of a survey of nursing homes in Ontario conducted in 2008, which found that the average cost of employing a PSW at that time was $16.97 per hour. 17 
Base case and sensitivity analysis
The analysis focused on estimation of the lifetime probability of a PrU, expected costs, and expected QALYs associated with each repositioning strategy. Incremental costs, QALYs, and cost-effectiveness ratios for each strategy were subsequently estimated. The cost effectiveness of each strategy was compared using an informal costeffectiveness threshold of $50,000/QALY.
A series of analyses was performed to estimate the sensitivity of the cost-effectiveness estimates on a number of input parameters. Initially one-way sensitivity analyses were conducted in which the parameters expected to affect the incremental cost-effectiveness estimates (e.g., average repositioning time, proportion of residents requiring 2 PSWs during repositioning, average cost of employing a PSW) were varied across a plausible range (Table 1) .
A probabilistic sensitivity analysis was conducted to estimate the joint effect of the uncertainty regarding the model parameters on the final outcomes. We used a Monte Carlo simulation approach to propagate uncertainty from all model input parameters into the final outcomes of the model (total cost and QALYs per strategy, incremental costs and QALYs in pairwise comparison between strategies). Given the Bayesian nature of this approach, uncertainty about costs and QALYs was summarized using 95% credible intervals, which are analogous to the frequentist notion of confidence intervals. 18 Costeffectiveness acceptability curves were used to summarize the findings of the probabilistic sensitivity analysis. Table 2 presents the lifetime risk of developing a PrU for our study population, the average time spent with a PrU, and a breakdown of total costs into repositioning and nonrepositioning costs. Over the residents' lifetime (102.7 weeks on average), the risk of developing a PrU was 37% higher for residents repositioned at 2-hour intervals and 44% higher for those repositioned at 4-hour intervals than for those repositioned at 3-hour intervals. Residents repositioned every 2 hours spent on average 39% more of their remaining life with a PrU and those repositions every 4 hours spent 51% more of their remaining life with a PrU than those repositioned every 3 hours. Repositioning-and nonrepositioning-related costs were less in the 3-hour strategy than the 2-or 4-hour strategy. Table 3 reports the results of the base case of the cost-utility analysis. The 3-hour repositioning strategy was less costly and achieved greater QALY gains than the 2-and 4-hour strategies, showing that the 3-hour strategy dominated the 2-and 4-hour strategies.
RESULTS
Base case
Sensitivity analysis
The results of the 1-way sensitivity analysis for comparison of 2-and 3-hour repositioning strategies are presented in Table 4 . Varying the model parameters within the defined range had little effect on the outcomes of the costutility analysis, and repositioning every 3 hours remained the dominant strategy. The combined effect of uncertainty regarding the input parameters examined through the probabilistic sensitivity analysis indicated that 3-hour repositioning was the dominant strategy, with a probability greater than 95% at any positive cost-effectiveness threshold.
DISCUSSION
This cost-utility analysis suggests that a 3-hour repositioning strategy for nursing facility residents at risk of developing PrUs according to the Braden Scale who are cared for on high-density foam mattresses combined with guideline-based care and regular skin observations can yield economic benefits while at the same time resulting in more QALYs gained than a 2-or a 4-hour repositioning strategy. The cost savings associated with a 3-hour repositioning strategy largely represent the value of freed-up PSW staff time that would have previously been spent repositioning residents. A benefit may also accrue to residents who are not awakened every 2 hours and allowed to sleep uninterrupted for longer periods.
Because it is not recommended, or probably feasible, to employ fewer PSW staff because of high residentto-staff ratios in nursing homes, 19 it is likely that these estimates of economic benefit do not represent monetary savings. This PSW time could be spent undertaking other valuable activities instead, such as feeding, toileting, socializing, and mobilizing residents, that can improve quality of care. 20 We observed that variation from the base case estimates of the hourly cost of employing a PSW, the average number of PSWs required to reposition each resident, and the average time taken to reposition each resident has a significant effect on the magnitude of cost-utility estimates but it does not change the main finding of 3-hour repositioning being the dominant strategy.
The results of the TURN study support less frequent repositioning (e.g., a change from every 2 hours to 3 or 4 hours) for moderate-to high-risk residents on high-density foam mattresses. The uptake of this finding should be considered within the following context: provision of a high-density foam mattresses to residents at moderate to high risk according to the Braden Scale, risk assessment upon admission to nursing facilities, provision of guidelinebased care and regular skin observations, and ongoing assessment of resident skin to determine whether more frequent repositioning is recommended. Although providing high-density foam mattresses to Ontario nursing facility residents at moderate or high risk of developing PrUs has been found to be cost effective, some nursing facilities in Ontario do not yet provide high-density foam mattresses to such residents. 13 The findings of this study provide more evidence to support the argument that, for nursing facilities that are not equipped with high-density foam mattresses, the potential economic benefits of investing in them appear to significantly outweigh the costs (assuming that the cost of a high-density foam mattress is approximately $350). There is no evidence to support repositioning residents at intervals longer than 2 hours in cases in which high-density foam mattresses are not provided. Finally, timing of the risk assessment is important because a previous study suggested that the majority of PrUs in nursing facilities occur within the first 3 weeks after admission. 21, 22 Although evidence from the TURN study suggests the noninferiority of 3-and 4-hour interval versus 2-hour interval repositioning strategies with respect to PrU incidence, a cost-utility instead of a cost-minimization analysis was performed. Our decision was based on the fact that, although clinical noninferiority has been established in the randomized controlled trial 8 on the basis of the primary outcome (PrU risk), this does not imply that the alternative strategies are equivalent with respect to secondary or other nonclinical outcomes (e.g., QoL). In addition, a cost-utility approach is more appropriate with respect to incorporating the effect of parameter uncertainty in the economic analysis. 12, 23 According to the results of our cost-utility study and compared with the 2-and 4-hour repositioning strategies, 3-hour repositioning was economically attractive because it improved QoL and reduced healthcare costs.
Limitations
The TURN study found that the reduction in the frequency of repositioning consequently reduced "wet observations," brief changes, and use of related supplies. Although this observation might have some clinical and economic implications, we decided not to incorporate it into our economic analysis. First, we assumed that the reduction in total costs due to less-frequent brief changes would be minimal because the cost of briefs and supplies is much smaller than that of PSW staff time. In addition, we hypothesized that a reduction in the frequency of brief changes could be linked to a marginal negative clinical consequence and a potential reduction in QoL for which we have no data to control for. These are limitations of our analysis, although it is likely that their effect on our conclusions was limited.
We also made the assumption that the PrU incidence rate observed during the 3-week follow-up period of the TURN study was informative of the expected incidence rate over the lifetime of individuals cared for with each repositioning strategy. Given the impact of PrU incidence rates on life expectancy and costs, we believe that the findings of this study are sensitive to this assumption. We varied the transition rates in sensitivity analysis between the PrU stages to explore the effect of these parameters on the natural history of the disease and did not observe a significant effect on our conclusion of which strategy is the most cost-effective.
In addition, we did not consider the cost savings or economic benefits that would be likely to arise should less-frequent repositioning reduce the incidence of injuries among nursing staff. It is believed that PSWs are at high risk of work-related musculoskeletal injuries due to frequent lifting of heavy loads and working with awkward postures. These injuries are associated with absenteeism from work, compensation claims, and high healthcare and non-healthcare costs. Nevertheless, several studies that investigated the cumulative loads associated with a number of daily tasks of nursing staff in long-term care concluded that, on average, repositioning for PrU prevention probably does not contribute significantly to the risk of occupational injury. [24] [25] [26] For that reason, we decided to ignore any costs associated with occupational injuries due to repositioning. The analysis is also based on the assumption that PrU progression when left untreated can be characterized using a staging process similar to that for PrU diagnosis. There is debate in clinical practice as to whether this assumption is realistic. Also, we did not consider the challenges associated with implementation of such repositioning strategies in a nursing home (e.g., effect on shifts, reallocation of tasks across PSWs within a nursing unit). Answering such implementation questions would need a system-level modeling approach, which extends beyond the objective of this study. The results must be interpreted in light of these assumptions and limitations.
In conclusion, this study identified that, based on the set of assumptions presented above, a switch to a 3-hour repositioning strategy for residents who are at moderate to high risk of PrUs according to the Braden Scale and are cared for on high-density foam mattresses is likely to yield substantial economic benefits compared to the other two strategies. These estimated benefits are unlikely to result in direct cost savings to the healthcare system. Instead, these benefits represent the value of staff time that could be spent undertaking other activities that can improve the quality of resident care and enhance employee well-being and professional development. We suggest that future research should model the implications of implementation of each repositioning strategy on aspects of such things as staff allocation and shift scheduling. The opinions, results, and conclusions reported in this article are those of the authors and are independent from the funding sources. No endorsement by any funding source is intended or should be inferred.
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